Platelets play an important part in the progression and pathological angiogenesis of brain glioma because of the different granules content and release of microvesicles that are the source of numerous mediators and bioactive substances, which probably provides a "strategy" for the tumour survival. The objective of study was exploring the effect of platelet-released secretion products of patients with brain glioma on the experimental model of tumour growth in vitro. For this purpose, the cells of glioma C6 were cultured for 72 hours under the addition of modified media containing platelet-released secretion products or conditioned media of peripheral blood cells of patients with glioma as well as persons of the comparison group without rough somatic pathology. In control glioma C6 cultures in standard conditions cell clusters were formed by the type of "spheroids", from which radial cell migration occurred, a tense cellular or reticular growth zone was formed, and tumour cells preserved their ability to mitotic division. Under the influence of platelet-released secretion products of patients with glioma, differently directed effects on cell mitotic activity and the number of cell clusters in glioma C6 cultures were detected depending on the degree of tumour malignancy: stimulating effect under the influence of platelet factors of patients with high-malignancy glioma (G4) and inhibitory effect -due to the influence of platelet factors of patients with differentiated glioma (G2). In contrast to the thrombocyte-released factors, the conditioned media of a common pool of peripheral blood cells of patients with G4 glioma suppressed the mitotic activity of tumour cells and did not affect the number of cell clusters. No changes in glioma C6 cultures were revealed after the influence of platelet-released secretion products of persons of the comparison group. The obtained data confirm the important role of platelets in the pathogenesis of brain glioma, pointing to the fundamental difference in the spectrum of biologically active molecules that are released by platelets of patients depending on the degree of tumour malignancy and are able to regulate the cell cycle and proliferative activity of the glioma tumour cells, which may have application as a diagnostic marker as well as predictive marker of response to antitumour therapy.
Introduction
Despite careful studies of the causes and mechanisms of the glial tumour progression around the world, today no significant clinical progress in their treatment has been achieved due to the invasive spread and multiresistance to adjuvant therapy methods. The current incidence of malignant variants of primary brain tumours in Ukraine, by the last National Cancer Registry data, is 5.2 per 100 thousand of population, and mortality -3.8 (Fedorenko et al., 2019) . Among the primary tumours of the central nervous system, malignant forms of glioma predominate. The combination of surgery, radiation and chemotherapy is a gold standard in the complex treatment of these tumours, but does not provide the desired efficacy. In this context, the active search for alternative methods of treatment of this type of CNS pathology continues.
There is an urgent need for creation of new cell-molecular technologies for diagnosis and therapeutic effects on brain tumours. In particular, at the present stage of fundamental research, the tools for targeted therapy for malignant brain glioma and long-term antitumour response induction by adjusting the immune system are being explored. Stem cells (neurogenic stem/progenitor cells (NSC/NPCs), mesenchymal stem cells) application opportunities as biological delivery vehicles of various ligands -cytolytic viruses, genes encoding cytokines (IL-4, IL-12, IL-2, IL-23, GM-CSF, IFN-β), proapoptotic genes (TRAIL, FASL), enzymes that convert pharmaceutical agents into the active form (cytosine deaminase, thymidine kinase), neurotrophic factors, are being studied (Portnow et al., 2017; Mooney et al., 2018; Gutova et al., 2019; Li et al., 2019) . Other actively developing directions are adoptive immunotherapy with effector immune cells (T-, NK-cells) and different approaches to increasing their functionality: immunological checkpoint blockade with monoclonal antibodies; bispecific antibodies against both tumour antigens and immune cells; genetically engineered cells with chimeric antigen receptors (CARs); systemic administration of cytokines or priming immune cells to strengthen tumour killing and homing function (Poggi & Giuliany, 2016; Veluchamy et al., 2017; Matosevic, 2018) .
Recently, special attention has been drawn to the factors of inflammation and natural immunity, due to their pathogenetic role in the tumour process and tumour microenvironment-induced reprogramming of effector cells (Kaya et al., 2017; Chambers et al., 2018) . In particular, attention is focused on evaluation of prognostic significance of the proportion of major cell populations in peripheral blood of patients: quantitative ratios of neutrophil-to-lymphocyte, platelet-to-lymphocyte, monocyte-to-lymphocyte (van Linde et al., 2016; Bao et al., 2018; Lopes et al., 2018; Saito et al., 2018) . A high platelet-to-lymphocyte ratio in the preoperative period is predictive of a poor prognosis for glioma patients (Bao et al., 2018) and reduced rates of platelets correlate with overall survival (Saito et al., 2018) . Platelets are considered as noninvasive biomarkers for malignant glioma and treatment response evaluation (Best et al., 2018) .
Platelets, also called thrombocytes, are derivatives of bone marrow megakaryocytes -namely, fragments of their cytoplasm, and have no cell nucleus (Machlus et al., 2014) . In conditions of physiological norm, unactivated platelets, circulating in peripheral blood, are biconvex disco-id (lens-shaped) structures, whereas the surface of activated ones is covered with cell membrane projections (Michelson, 2013) . Platelets maintain hemostasis, regulate inflammation and are involved in innate and adaptive immune response (Gaertner & Massberg, 2016; Hampton, 2018) . Thrombocytes contain several types of granules (α-, δ-(dense granules), γ-, λ-), the content of which secrete to the exterior in the process of activation. Platelets are considered as "scanning soldiers" of the immune system, reacting to the presence of bacteria invading the bloodstream, interacting with lymphocytes, and regulating extravasation in part of immune cell (Labelle et al., 2014; Best at al., 2018) .
Platelets and their derivatives have a key role in the regulation of homeostasis and tissue repair processes due to the ability of releasing from α-granules low molecular weight peptides and proteins, which are involved in intracellular signaling and recruiting of immune, progenitor mesenchymal cells in regulatory regeneration cascades (Cole et al., 2010; Stellos et al., 2010; Sundman et al., 2011) . Among these proteins are growth factors, cytokines and chemokines (Stellos et al., 2010; Huong et al., 2019) , in particular, platelet-derived growth factor (PDGF), transforming growth factor (TGF)-β, platelet-derived epidermal growth factor (PDEGF), vascular endothelial growth factor (VEGF), insulin-like growth factor (IGF)-1, fibroblast growth factor (FGF) and epidermal growth factor (EGF). The indicated factors (PDGF, TGF-β, IGF, VEGF, bFGF, EGF) induce DNA synthesis and mitotic division, stimulate cell growth, chemotaxis and angiogenesis, enhance cell proliferation and migration, activate the synthesis of intercellular matrix, collagen and glycosaminoglycans, and play an essential role in processes of physiological healing. In addition, antibacterial, fungicidal proteins, proteases (metalloprotease-4) and coagulation system factors are detected in platelets. Except for α-granules, platelets contain δ-(dense) granules that store and emit after activation ADP, ATP, histamine, serotonin, dopamine and calcium ions, as well as lysosomal (γ-) granules that can secrete acidic hydrolases, cathepsin D, E, elastase, lysozyme, which provide biochemical and metabolic processes in the organism, including inflammatory and regenerative responses (Sharda & Flaumenhaft, 2018) .
Platelets and their agents play an important role in the progression and active spread of the tumour, promoting the activation of angiogenic factors and neovascularization (Lana et al., 2017; Best et al., 2018; Huong et al., 2019) . By releasing through their membranes microvesicles the tumour cells transmit mutant RNAs to platelets, which absorb and transport them in vivo and in vitro (Nilsson et al., 2011) . Platelets can infiltrate in tumour tissue (Pucci et al., 2016) . Platelets of patients with glioma contain tumour-associated RNA EGFRvIII and PCA3, and differ in the RNA profile from platelets of healthy subjects, which may have a diagnostic and prognostic value. Since platelets accumulate tumour-secreted membrane microvesicles with tumour-associated RNA, they potentially can serve as a source of this biomarker for tumour diagnosis. In addition to the absorption of microvesicles, platelets can actively and efficiently release pro-tumour microvesicles, contributing to the spread of tumorous RNA by the circulatory system, which probably provides a "strategy" for the tumour survival (Nilsson et al., 2011) .
Platelets have a key role in the development of pathological tumour angiogenesis. The content of protein-regulators of angiogenesis in platelets selectively increases with the presence of a tumour and can be used for early detection of a tumour or its progression (Cervi et al., 2008; Klement et al., 2009) . Released platelet secretion products from patients with glioblastoma show a strong pro-angiogenic effect on glioblastomaderived endothelial cells (Di Vito et al., 2016) . ADP and thrombin stimulation leads to a significant increase in the level of VEGF platelet secretion (pro-agiogenic factor), but not endostatin (an angiogenesis inhibitor), as compared to healthy subjects. Intraplatelet concentrations of VEGF have also been significantly increased in patients with glioblastoma. A direct correlation between the levels of platelet-released VEGF and the overall survival time of these patients was found (Di Vito et al., 2016) . The accumulation in the platelets of experimental animals with malignant tumours of molecules-regulators of blood vessel formation (VEGF, PDGF, bFGF) significantly exceeds their concentration in the platelets of animals without cancer pathology and proves the presence of tumours in vivo at an early stage. At the same time, platelets do not absorb proportional amounts of other plasma proteins (eg, albumin) even in the presence of high concentrations. Thus, platelets have a selective ability to absorb proteins -regulators of angiogenesis in tumour carriers that can be used for diagnostics and monitoring the effectiveness of targeted antiangiogenic treatment (Klement et al., 2009 ).
The data above show the significant pathogenetic role of cellular growth factors that regulate the processes of proliferation in tumours, including the tumours of the central nervous system. In this regard, the study of the properties of platelets in patients with brain glioma is particularly promising, because these cells are the source of numerous cytokines, chemokines, growth factors as well as tumour-associated RNA.
The experimental rat glioma C6 is similar to glioblastoma and recognized as commonly used in neurooncology as the model of tumour process. C6 glioma cells contain P-glycoprotein, CD133-prominin (marker protein of tumour stem cells), anti-apoptotic factors and while cultivated form "spherical" clusters (Schraen-Maschke & Zanetta, 2003)multilayered ordered cellular conglomerates of round form.
The objective of the study was investigation of the effect of secreted platelet factors in patients with brain glioma (platelet-released secretion products -PRSP) on experimental glioma C6, mitotic activity and formation of cellular clusters in vitro.
Materials and methods
The study used the glioma cells of line C6 (provided by Cell Lines Bank from Human and Animal Tissues, R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, National Academy of Sciences of Ukraine, Kyiv), as well as peripheral blood and biopsy material of patients, who were surveyed and treated at the State Institution Romodanov Neurosurgery Institute, National Academy of Medical Sciences of Ukraine (SI INS NAMS): patients with neurooncology (n = 12) and persons without rough somatic pathology (comparison group, n = 6). The tumour diagnoses were verified with histological examination: 6 cases of diffuse astrocytoma (second degree of malignancy -G2) and 6 glioblastomas (fourth degree of malignancy -G4) according to the latest edition of the WHO classification of tumours of the nervous system (Louis et al., 2016) . The study was performed within the framework of the research project (State registration number 0117U004271 (2017) (2018) (2019) in accordance with the protocol approved by the Bioethics Committee of SI INS NAMS (protocol No. 3 dated 06.06.2016).
Platelets were isolated from peripheral blood of patients (5.0 mL) by differential centrifugation (Frimel, 1987) . The cell concentration was adjusted with a buffered saline solution to 1 10 9 /mL and cells were passed through a microbiological filter PES (d = 0.2 μm, MDI, India), thus obtaining medium containing PRSP. Modified media with PRSP were added to the С6 experimental glioma cell cultures. In order to compare, in parallel experiments, the conditioned media of peripheral blood cells (CMPBC) of patients were added to C6 glioma cell cultures.
To obtain CMPBC, 0.5 mL of peripheral blood of patients was added to 1.5 mL of the nutrient medium 199 (BioTestlab, Ukraine) with gentamicin (0.16 mg/mL) and mitogens (0.04 mg/mL phytohaemagglutinin, 0.04 mg/mL concanavalin A, 0.02 mg/mL lipopolysaccharide, Pan Eko Ltd, RF) and incubated for 24 hours in a thermostat at 37 ºС. Further, the cells were precipitated by centrifugation for 5 minutes at 1500 rpm, washed in a medium 199, 1.5 mL of fresh medium 199 was added to sediment cells and incubated for 48 hours in the thermostat at 37 ºС. After that, the cells were precipitated by centrifugation for 5 minutes at 1500 rpm, and CMPBC (supernatant) was selected.
For control cultures, 1 10 6 were suspended in a RPMI nutrient medium (Biowest, France) with 10% fetal calf serum (Biowest, France), glucose (400 mg%), insulin (0.05 mg/mL), transferrin (0.0275 mg/mL), selenite (0.0275 mg/mL, Pan Eko Ltd, RF). For experimental cultures, 1 10 6 were suspended in a nutrient medium with the addition of PRSP (in the ratio of 1:10) or addition of CMPBC of patients. Control and experimental cell suspensions were transferred to cover glasses, pre-coated with polyethyleneimine (Sigma-Aldrich, GmbH, Germany) into sterile plastic Petri dishes. Accordingly, experimental groups of C6 glioma cell cultures were formed, which were cultured under the following conditions: 1) standard nutrient medium (control) and addition of: 2) PRSP of patients with glioma G4; 3) PRSP of patients with glioma G2; 4) PRSP of patients without oncopathology; 5) CMPBC of patients with glioma G4; 6) CMPBC of patients with glioma G2; 7) CMPBC of patients without oncopathology.
The cultures were kept in a СО 2 -incubator (Nuve, Turkey). Dynamic observation with microphotography was performed on an inverted microscope Nikon S-100 (Japan).
After 72 hours of incubation, cell cultures were fixed in 10% neutral formalin (Bio-Optica, Italy) and stained with hematoxylin-eosin. Microscopic examination and photoregistration of histological and cytological preparations of cultures was carried out on a light-optical photomicroscope NIKON Eclipse E200 (Japan).
In each preparation, the structural features of the experimental cultures were compared with the control ones. The cell composition of the growth zone of glioma cultures was evaluated according to tumour cells' morphological characteristics and their ability to form spatial histotypical structures, peculiar to neuroglial growth in tissue culture. The form of cytoplasmic bodies of tumour cells, the presence and branching of processes, the structure and character of the chromatin distribution and the form of nuclei, and the features of intercellular interactions were analyzed. In the surviving areas of the growth zone, the changes in mitotic activity were determined. The mitotic index (MI) was calculated as the proportion of cells with the presence of mitoses from the total amount of cells in %. The quantity of mitoses, as well as the number of formed clusters (multilayered, ordered, round-shaped cell conglomerates) was determined for each sample on the test area (in 10 randomly selected fields of view of the microscope ( x 400).
Statistical data processing was performed using statistical software package Statistica 8.0 (StatSoft Inc., USA). Nonparametric methods of variation statistics were used (Kruskal-Wallis test for multiple comparison of independent groups). Data in tables are presented as x ± SE (mean ± standard error of the mean). Statistically significant differences were considered at P < 0.05.
Results

Characteristics of C6 glioma cell cultures (control observations).
In the first 24 hours after explantation, the observation revealed formation of round-shaped cell clusters, from which tumour cells without distinct signs of differentiation (with a narrow cytoplasm and moderate nucleus polymorphism) actively migrated around.
Between these thickened cell conglomerates, monolayer growth areas of cells of astrocytic structure with sprouts were observed ( Fig.  1a ). After 72 hours of cultivation in control cultures a significant increase in the growth and stratification of cellular microaggregates was observed, with predominance of tumour cells of the astrocytic structure of the unipolar, triangular, rhomboid, polygonal form with elongated processes that formed reticular structure (Fig. 1b, c) .
In areas of accretion of undifferentiated tumour cells MI was on average 2.74 ± 0.17% (Table 1) . Pathological forms of mitoses were found, mainly at the metaphase stage. In particular, we determined the hollow metaphases ( Fig. 2a ); lagging of chromosomes and their fragments in the metaphase (Fig. 2b) ; K-mitosis with conglutination of chromosomes ( Fig. 2c ); asymmetric mitosis with lagging chromosomes (Fig. 2g) ; as well as sticky forms of the mitotic plate, mitosis with chromosomal scattering, three-pole, multipole mitosis, formation of "bridges". According to the calculation of formed multilayered ordered roundshaped cell conglomerates, their number was on average 8.70 ± 0.99 on the test area in the obtained histological preparations of C6 glioma cell culture samples ( Table 2) .
Characteristics of experimental C6 glioma cell cultures under the influence of PRSP. C6 glioma cell cultures cultivated in a medium with the addition of PRSP of patients with glioma G4 from the first hours of cultivation were characterized by active growth with the formation of spherical cell conglomerates, from which tumour cells migrated unevenly radially. Between conglomerates, formation of reticular growth zones was observed, consisting of cells of polygonal form with long branched sprouts ( Fig. 3a) . Extension of the cultivation period to 72 hours showed further active growth of cultures, which was accompanied by filling the entire area of cultivating field with monolayer accretion of tu-mour cells with areas of reticular form (Fig. 3b) . Mean values of MI as well as the number of formed multilayer cell clusters exceeded the corresponding indicators of control cultures by 1.2 times (Table 1, Observation of C6 glioma cell cultures, cultivated in a medium with the addition of PRSP of patients with glioma G2, after 24 hours revealed less active growth of the culture (Fig. 3c) . Although in the course of further cultivation the growth zone of these experimental cultures approached control indices by structure and set of cellular elements (Fig. 3d ), the MI value in this experimental group was the smallest -1.5 times less than the control culture index and 1.8 times lower than the culture index under the influence of PRSP of patients with glioma G4 (Table 1) . Under the influence of PRSP of patients with glioma G2, in experimental glioma C6 cultures the smallest number of cell clusters was formed -1.1 times less than in the control, and 1.3 times less than the culture index under the influence of PRSP of patients with glioma G4 ( Table 2) .
Observation of C6 glioma cell cultures, cultivated under the conditions of adding PRSP of persons of the comparison group revealed similar features to the previous experimental groups: the shaping of cellular rounded complexes and the formation of a dense monolayer of tumour cells with well-developed bodies and branched sprouts (Fig. 3e, f) . At the same time, the MI value and the quantity of formed cell clusters in the cultures of this experimental group did not differ from the control indicators (Table 1 , 2).
Table 1
Change in mitotic index (%) in С6 glioma cell cultures under the influence of modified media containing platelet-released secretion products or conditioned media of peripheral blood cells of patients with glioma (x ± SE, n = 6, 72 hours of cultivation)
Groups
Мitotic index, % Р (Kruskal-Wallis test) Control 2.74 ± 0.17 acd a -P = 2 · 10 -4 , c -P = 8 · 10 -4 , d -P = 0.01 Modified media with platelet-released secretion products (PRSP) -patients with glioma G4
3.39 ± 0.20 f f -P = 8 · 10 -5 -patients with glioma G2
1.84 ± 0.17 ab a -P = 2 · 10 -4 , b -P = 8 · 10 -5 -persons of the comparison group 2.80 ± 0.17 b b -P = 8 · 10 -5 Conditioned media of peripheral blood cells (CMPBC) -patients with glioma G4
1.83 ± 0.14 cef c -P = 8 · 10 -4 , e -P = 0.05, f -P = 8 · 10 -5 -patients with glioma G2
2.04 ± 0.17 d d -P = 0.01 -persons of the comparison group 2.53 ± 0.17 e e -P = 0.05 Characteristics of experimental C6 glioma cell cultures under the influence of CMPBC. In the first 3 hours of cultivation, no differences were observed in the growth rates of experimental cultures compared with the control ones: cells of the experimental glioma C6 formed clusters from which the cells migrated, forming a growth zone (Fig. 4a, b, c) .
During the next 72 hours of cultivation under the influence of CMPBC of patients with glioma G4, CMPBC of patients with glioma G2 as well as CMPBC of persons of the comparison group, the structure and density of the C6 glioma cell growth region were similar to control cultures (Fig. 5) . However, the mitotic activity of the cells in the experimental groups differed (Table 1) : under the influence of CMPBC of patients with glioblastoma (G4) and diffuse astrocytoma (G2) it decreased (respectively, 1.5 and 1.3 times, as compared to control), whereas the addition of CMPBC of persons of the comparison group to the nutrient medium of cultured C6 glioma cells did not cause significant changes in the number of cells in the mitotic state (at the same time, differing from the indicator under the influence of CMPBC of patients with glioblastoma (G4), exceeding the last one by 1.4 times). The MI index in the experimental C6 glioma cell cultures under the influence of the CMPBC of patients with glioblastoma (G4) was 1.85 times smaller than the MI value in the cultures under the influence of the PRSP of these patients (Table 1) The addition of CMPBC of patients with glioma G4, as well as CMPBC of patients with glioma G2 or CMPBC of persons of the comparison group did not significantly affect the number of formed cell clusters in the C6 glioma cell cultures after 72 hours of cultivation (Table 2) . At the same time, the number of formed cell clusters under the influence of CMPBC of patients with glioblastoma (G4) was 1.26 times less than the corresponding index in experimental cultures under the influence of PRSP of these patients (Table 2) . Thus, summing up the results of the performed studies, we can conclude that the overall structure of the growth zone of the C6 experimental glioma after a 72-hour period of influence of PRSP and CMPBC of neurooncological patients predominantly does not show changes in comparison with control cultures. The cell composition and density of the formed growth zones in experimental cultures are similar to the control ones; in cultures cell clusters are formed by the type of "spheroids", from which migration of cells takes place, a dense cellular or reticular growth zone is formed. During 72 hours of observation no cytotoxic effects of the studied biological factors were noted. In tumour cells of experimental cultures the ability to mitotic division remains.
Simultaneously due to the influence of the investigated factors of PRSP and CMPBC of neurooncological patients in C6 glioma cell cultures quantitative changes in mitotic activity and activity of the formation of "spheroidal" cell clusters were determined depending on the biological factors of different populations of peripheral blood cells of patients with gliomas and depending on the degree of tumour malignancy. 
Discussion
In our study, the cells of experimental glioma C6 were used to reproduce the malignant tumour growth pattern of the brain glioma in vitro, which, when cultured, formed reticular growth zones characteristic of neuroglial cells, retained the ability to mitotic division and formed cellular clusters of round form ("spheroids"). Among the cultured C6 glioma cells pathological forms of mitoses occured, which is inherent in malignant variants of the brain gliomas. The pathology of mitosis implies proliferation through the chromosomal separation patterns that are not eliminated by the mechanism of apoptosis. It is known that with the growth of malignancy of the tumour, the frequency of mitosis pathology rises and the variety of its pathological forms increases (Kraevskij et al., 1984) . Thus, the frequency of mitosis pathology grows from 5-10% in low-grade dysplasia to 60% and 80% respectively in high-grade dysplasia and cancer (Steinbeck, 2001) . We observed pathological mitoses at the stage of metaphase that is due to fragmentation of the chromosomes and damage of the mitotic apparatus: hollow metaphases, which arise due to incorrect location or damage to chromosomal threads; lagging of the chromosomes and their fragments in the metaphase; delay and blockade of mitosis in the metaphase (K-mitosis) with the adherence of chromosomes, leading to the destruction of the nucleus and the death of the cell; asymmetric mitosis with lagging chromosomes, the result of which is the uneven distribution of chromosomes in the ana-telophase and the formation of aneuploid daughter cells; as well as sticky forms of the mitotic plate, mitosis with chromosomal scattering, three-pole, multi-polar mitosis, the formation of "bridges", which indicates an increase in cellular aneuploidy and is one of the signs of malignancy (Kraevskij et al., 1984 , Steinbeck, 2001 .
The formation of cellular clusters of rounded form ("spheroids", "neurospheres", "tumorospheres") when cultivating C6 glioma cells may also be considered as a sign of malignant tumour growth. The formation of spheroidal derivations in the growth dynamics in culture is believed to be the fundamental property of brain tumour stem cells (BTSC), which determines the initiation and proliferation of tumours in brain tissue (Laks et al., 2009) and is similar to the NSC/NPCs property to form the "neurospheres". It should be noted that the similarity of characteristics between the glioma cells and NSCs: a similar phenotype, proteome, secretome, comparable profile of receptor expression, adhesion molecules and identical targets of migration (Nakano, 2015; Yamamuro et al., 2015; Song et al., 2016; Amodeo et al., 2017; Garcia et al., 2017; Mehta & Lo Cascio, 2017; Qin et al., 2017) -is assumed as phylogenetic and it is suggested that brain tumours are derived from NSC/NPCs undergoing aberrant changes, -BTSCs (Kusne & Sanai, 2015; Stangeland et al., 2015; Zong et al., 2015; Ledur et al., 2016; Okawa et al., 2017) . The content of BTSCs in glioma tissue enlarges proportionally with an increase in their malignancy, which is accompanied by raised expression levels of immunocytochemical markers of their stem phenotype (Bao et al., 2014; Wang et al., 2014) .
It is known that tumours of low degree of malignancy, in particular highly differentiated, are not always able to form "tumorospheres" (Gunther et al., 2008; Panosyan et al., 2010) . It is believed that the ability to form a "tumorospheres" reflects the high tumorigenicity of the BTSCs with an unfavourable prognosis (Panosyan et al., 2010) . At the same time, the generation of spheroidal formations may be the result of adhesion, aggregation of cells. Thus, according to research (Kool et al., 2012) , all studied tumours (both with favourable and unfavourable prognosis) at the initial stage of cultivation formed spheres in cultures with high cell density, but it was impossible to consistently passage the spheres derived from tumours associated with a favourable prognosis (astrocytomas, ependymomas, beta-catenin-activated medulloblastomas), and the initial formation of spheres was probably due to cell adhesion rather than the ability to form "neurospheres". Obtaining the "neurospheres" for a long time was considered a gold standard for maintaining the population of tumorigenic cells of the primary tumour, but adherent cultures of brain tumour cells also support tumorigenic properties during cultivation in a serum-free medium (Pollard et al., 2009; Persson et al., 2010) , providing cells with a more uniform access to growth factors. In a comparative study of these two methodological approaches for obtaining BTSCs of malignant gliomas in adhesive culture and in form of "tumorospheres" (Rahman et al., 2015) , the functional equivalence of both approaches is proved.
In our study for the cultivation of C6 glioma cells, adhesion conditions were used -seeding on the cover glasses with polyethyleneimine, with the addition of 10% fetal calf serum to the nutrient medium, which gave the cells the capability to attach to the substrate and differentiate. In such conditions we observed signs of differentiation in the astrocytic direction with the formation of distinct processes and reticular structures. At the same time, cells in culture had the capacity to form multicellular "spheroid" clusters and retain their mitotic activity. We consider these characteristics as confirmation of the signs of malignancy of the experimental C6 glioma, and their quantitative changes after the addition of the studied modified and conditioned media of cells of peripheral blood of patients we observed as criteria for the presence of influence of biological factors contained in the appropriate media. We discovered the dependence of the effects of modified media obtained from different populations of peripheral blood cells of patients with gliomas on the source of such media, as well as on the degree of tumour malignancy.
The study established that the effects of PRSP of patients with gliomas differ depending on the degree of tumor malignancy: PRSP of patients with glioblastomas (high-grade glioma G4) stimulate mitotic activity and the formation of cell clusters in C6 glioma cell cultures and PRSP of patients with diffuse astrocytoma (glioma G2) -suppress. At the same time, CMPBC, obtained from the general pool of cells of peripheral blood of patients after mitogen induction, inhibit the mitotic activity of C6 glioma cells and do not affect the formation of cell clusters. Important, in our opinion, is the fundamental difference in the effects of modified media of various populations of peripheral blood cells of patients with malignant glioma (G4) -stimulation by PRSP and inhibition by CMPBC. Indicators of mitotic activity and the quantity of formed cell clusters in the culture of C6 glioma cells under the influence of PRSP of patients with malignant glioma exceeded the indices obtained under the influence of CMPBC of these patients. We believe that PRSP and CMPBC can be considered as a source of various substances produced by these cells that reproduce the microenvironment of these cells in the organism, and given the circulation of these cells in the bloodstream -their modified and conditioned media can also be considered as a source of systemic influence of these cells due to paracrine effects of soluble mediators. The obtained data on the effects of PRSP and CMPBC of patients with gliomas of various degrees of malignancy indicate the secretion by these cells of biologically active molecules (cytokines, growth factors, DNA, RNA, etc.) capable of regulating the cell cycle and proliferative activity of tumour cells of the C6 glioma. Moreover, the principal difference in the effects of modified and conditioned media is due, apparently, to the difference in the spectrum of secreted biologically active molecules released by thrombocytes of peripheral blood of patients with brain glioma depending on the degree of tumour malignancy or produced by a pool of peripheral blood cells in response to stimulation of mitogens.
Since CMPBC were obtained from a general pool of peripheral blood cells of patients (including leukocytes, platelets, red blood cells) after induction by mitogens -concanavalin A, phytohemagglutinin (stimulating proliferation mainly of T-lymphocytes) and lipopolysaccharide (acts as an endotoxin, binds to the receptor complex CD14/TLR4/MD2, which causes secretion of proinflammatory cytokines in many cell types, especially in macrophages), it can be assumed that these CMPBC include a large number of cytokines of proinflammatory direction. Obviously, the content of these cytokines (probably interleukin (IL)-1, tumour necrosis factor (TNF)-α, interferon (IFN)-γ, IL-12, IL-18 etc.) may explain the inhibition of the mitotic activity of tumour cells of cultured C6 glioma under the influence of CMPBC of patients with gliomas, in particular, high-grade gliomas (G4).
This fact is promising and can be taken into account in the development of new approaches to enhancing the effectiveness of the immune response in patients with gliomas, namely, stimulation of the effector function of immunocytes after influence of mitogens, in order to intensify the homing, immune recognition and immune killing of tumour cells. The use of mitogens with the purpose of strengthening the effector antitumour function of the immunocytes (T-, NK-cells) is generally embedded in the common concept of approaches to adaptive immunotherapy, which are now actively being developed and related, in particular, the immunological checkpoint blockade (blocking of inhibitory molecules on T cells, such as CTLA-4 and PD1), genetic engineering of immune cells (T-, NK-cells) with CARs; systemic administration of cytokines (Klingemann et al., 2016; Veluchamy et al., 2017; Matosevic, 2018) .
In contrast to the CMPBC, the PRSP of patients with gliomas obviously has in its composition another spectrum of biologically active substances, which is significantly different in its effects in the culture of C6 glioma cells depending on the degree of tumour malignancy. In particular, based on scientific literature data in recent years, it can be assumed that PRSP of patients with gliomas contain such growth factors as PDGF, TGF-β, IGF, VEGF, EGF, bFGF, and tumour-associated RNAs. The listed growth factors are known as mitogens, regulators of basic cell processes such as proliferation, differentiation, survival / or apoptosis, that induce DNA synthesis and mitotic division, stimulate cell growth (Cole et al., 2010) . In addition, as shown in patients with glioma and animals with malignant tumours, platelets absorb and transport tumour associated mutant RNAs and pro-angiogenic, pro-tumour growth factors (Cervi et al., 2008; Klement et al., 2009; Di Vito et al., 2016) .
On the basis of the data obtained, it can be assumed that the multidirectional effects of the secreted factors of platelets of patients with gliomas of various degrees of malignancy, namely the capability to regulate the cell cycle and inhibit (platelets of patients with glioma G2) or stimulate (platelets of patients with glioma G4) proliferative activity of tumour cells of experimental C6 glioma are linked, firstly, to the ability of the platelets to absorb and accumulate tumour mutant RNAs. The platelet RNA's content is apparently a reflection of the tumourassociated RNA profile in gliomas (Loo et al., 2019) . Thus, it has been shown that in 80% of patients with glioblastomas, tumours of which were positive for mutant EGFRvIII, mutations were also found in platelets (Nilsson et al., 2011) . Moreover, the potential of thrombocytes in patients with gliomas as a non-invasive biomarker source for the creation of marker RNAs panels is studied. Platelets are characterized as tumour-educated blood platelets (TEPs), and one can obtain specific information on the presence, localization and molecular characteristics of the tumours based on the content and profile of their RNAs (Best et al., 2018) . Thrombocytes from patients with tumours, in particular, brain tumours, differ from cells of patients with inflammatory and other non-tumour diseases (Best et al., 2018) , which is consistent with our data, since we have not detected the effects of the influence of PRSP of patients without neurooncological pathology unlike the PRSP of patients with gliomas.
Secondly, the content of growth factors in platelets, obviously, depends on the degree of malignancy of the tumour. It is known that the degree of glioma malignancy correlates with the number and palette of molecular-genetic changes in expression of genes with pro-tumour characteristics. In particular, the course of malignant gliomas is accompanied by activation of the PDGF signaling pathways and over-expression of the PDGF-B ligand (Zheng et al., 2016) . In the presence of glioblastoma in platelets, the internal content and level of secretion of proteinsregulators of angiogenesis such as VEGF, PDGF, bFGF increase (Cervi et al., 2008; Klement et al., 2009; Di Vito et al., 2016) , thus platelets create a favourable environment for neovascularization and maintenance of tumour growth and stimulate the expression of these growth factors. Also, TGF-β is an important agent of malignant phenotype of human brain gliomas (Frei et al., 2015) , since its expression rises to a large extent in highly malignant gliomas (Kaminska et al., 2013; Dubrovska & Souchelnytskyi, 2014) . TGF-β has a dual role: it is a potent inhibitor of proliferation of epithelial cell and astrocytes, and is considered a tumour suppressing factor in the early stages of tumour growth (Mints & Souchelnytskyi, 2014; Frei et al., 2015) , but in its later stages, when the switching of cells for the utilization of TGF-β happens, it potentially acts as a promoter of cellular mobility, invasion, metastasis, and support of BTSCs (Dubrovska & Souchelnytskyi, 2014) . During carcinogenesis, as a consequence of mutations in the component parts of the canonical TGF-β signaling pathway, in malignant gliomas a switch takes place from the TGF-β Smad-dependent signaling pathway to Smadindependent ones (Frei et al., 2015) . The first pathway is linked with antiproliferative and tumour-suppressive TGF-β effects, and other pathways are engaged in pro-tumour TGF-β action and prevent the TGF-β antiproliferative effect, facilitating in this way its promoter action (Frei et al., 2015) . Thrombocytes reduce apoptosis and can provoke epithelial-mesenchymal transition of tumour cells by releasing TGF-β (Labelle et al., 2011 (Labelle et al., , 2014 Haemmerle et al., 2017) .
The difference in the effects of biologically active factors that are released by platelets and other peripheral blood cells of patients with high-grade glioma variants (G4) indicate the important role of platelets in the pathogenesis of these tumours. This is consistent with the data about correlation between the high preoperative level of the platelet-tolymphocyte ratio and the poor prognosis in patients with glioma (Bao et al., 2018) , and vice versa, correlation of low platelet levels with the term of overall survival of patients with temozolomide therapy (Saito et al., 2018) . During platelet activation, numerous growth and pro-angiogenic factors are released, creating a metastatic niche -a microenvironment that stimulates tumour growth (Klement et al., 2009; McAllister & Weinberg, 2014) .
Interesting in this regard is a study (Panek et al., 2018) which shows that activated platelets can release a soluble CD40 ligand (sCD40L), which is a significant inhibitor of T-regulatory lymphocytes with immunosuppressive functions. The authors found that local implantation of the platelet-rich fibrin plaster (PRF-P) in the brain of mice with glioma GL261 prolonged the survival of experimental mice by more than 40%, which was accompanied by a decrease in the number of intratumour lymphocytes, predominantly T-regulatory lymphocytes. The co-culture of GL261 glioma cells or chemoattractants (CCL2/22) with PRF-P discontinued the migration of T-regulatory lymphocytes, and the blockade of CCL2/22 interaction with receptors by pharmacological agents enhanced this effect. It is also believed that platelets are involved in the regulation of local and distant "cross-talk" between glioma cells and glioma-associated microglia/macrophages and myeloid suppressor cells through numerous soluble proteins and cell-surface-binding factors for the creation of an immunosuppressive niche for tumour expansion (Wurdinger et al., 2014) . Thrombocytes affect resident tumour cells and those that enter the bloodstream, forming cell-fibrin-platelet aggregates protecting circulating tumour cells and transmitting them the MHC class I proteins, further protecting against the recognition of natural killer cells (Jiang et al., 2017) .
Thus, PRSP is a fundamental component of the microenvironment and an important aspect of the biology of the tumour involved in the processes of tumour initiation and progression and can serve as a diagnostic and predictive marker of response to antitumour therapy.
Conclusion
On the model of experimental malignant glioma in vitro -cultured cells of glioma C6, various-directed effects of released thrombocyte secretion products in patients with glioma were established, depending on the degree of tumour malignancy: stimulation of cell mitotic activity and formation of cell clusters in cultures under the influence of platelet factors of patients with glioma G4 and inhibition -under the influence of platelet factors of patients with glioma G2.
Multidirectional effects of secreted factors of different populations of peripheral blood cells of patients with glioma G4 have been determined: in contrast to the secretion products released by platelets which stimulate mitotic activity and the formation of cell clusters in C6 glioma cell cultures, conditioned media obtained after mitogenic stimulation of a general pool of peripheral blood cells suppress the mitotic activity of tumour cells and do not affect the number of "spheroid" clusters.
The obtained results indicate the important role of platelets in the pathogenesis of the brain gliomas and substantiate the expediency of further in-depth study and clinical-morphological comparison.
